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The structure of the olfactory epithelium of various animal species was studied by several authors (Menco 1977; Menco et al. 1976 Menco et al. , 1978 Hinds et al. 1984; Constanzo and Morrison 1989; Naguro and Iwashita 1992) . Generally, they describe it as a pseudostratified epithelium containing sensory, sustentacular, basal, and microvillar cells with their specific positions and functions. Organelle outfit of the epithelial cells and some of their structural characteristics are subject to changes during the maturation of the mucosa (Graziadei 1974; Menco 1977; Getchel 1986) . Another cell type, characterised by the presence of microvilli, oval bodies immediately below the free surface, and dendrite-like apical projections, was described by Agasandyan (1990) , Constanzo (1990, 1992) , Morrison and Moran (1994) , and Ota (1998) .
This study deals with the ultrastructure of the olfactory epithelium of a kitten aged 5 to 6 weeks. Attention was paid to the structure of supranuclear and perinuclear parts and organelles of the epithelial cells and to the formation of dendritic projections on the one hand and to the development of the structure of the free surface of sustentacular and sensory cells on the other hand.
Materials and Methods
The material for our investigation was obtained from the collection of the Institute of Anatomy, Histology, and Embryology of the University of Veterinary and Pharmaceutical Sciences, Brno. The tissues under study originated from three female kittens aged 35 to 40 days. The age was determined by measurement of CRL (crown-rumplength) using the method described by Evans and Sack (1973) . The skull was split by a sagital cut and nasal septum was removed to expose the ethmoidal labyrinth. Samples of mucosa for electron optical examination were collected from the area of 3 rd endoturbinale and immediately fixed with 300 mmol/l glutaraldehyde in 100 mmol/l phosphate buffer for 4 h. The fixed material was processed by the method described by Tich˘ (1994) . The tissue was washed in four changes of phosphate buffer (100 mmol/l) and postfixed in 40 mmol/l OsO 4 in 100 mmol/l phosphate buffer for 1 h. After dehydration in a graded acetone series (0.25; 0.50; 0.75; 1.00 mmol/l), the samples were embedded in Durcupan ACM and polymerised at 60 °C for 3 days. Fixation, dehydration, and embedding were carried out at room temperature; pH of the buffer solutions was maintained at 7.4 to 7.42. Ultrathin sections were viewed and photographed in the electron microscope Tesla BS 500.
Results

Olfactory cells
Olfactory cell bodies with nuclei occupying the middle epithelial zone sent slim, 7-to 8 µ long, or even longer dendritic projections towards the surface. The projections were closely surrounded by long, clubbed supranuclear parts of sustentacular cells. Close links of the zonulae occludentes type were formed between the two cell types in the proximity of the epithelial surface and desmosomal links were also observed at deeper level in this region.
Terminal segments of the dendritic projections protruded above the surface forming spherical or oval endings with a diameter of 0.8 to 1.0 µm (Plate I, Fig. 1 ). The cytoplasm of the endings contained sporadic vesicles of smooth endoplasmic reticulum, solitary mitochondria, and basal bodies of olfactory cilia. Centriolar replication figures were also seen in some of the endings. The olfactory cilia originated mostly from lateral surfaces of the dendritic endings and most of them ran in parallel with the free epithelial surface. The thickness of proximal segments of the cilia was 110 to 140 nm. At a distance of approximately 0.8 to 1.0 nm from their origin, the proximal segments became conic and passed into distal segments with a diameter of 30 to 50 nm. The proximal segments showed the typical arrangement of axonema (nine peripheral and one central microtubular doublets), while only one central doublet persisted in peripheral parts of the distal segments. The olfactory cilia together with microvilli of the sustentacular cells formed a dense network covering the epithelial surface including the terminal endings of dendritic segments of the olfactory cells (Plate I. Fig. 2 ).
Sustentacular cells
The columnar sustentacular cells were tall, and slim. Their large oval vertically oriented nuclei containing granular chromatin were situated in the upper third of the cells. Apical segments of sustentacular cells were approximately 3 to 3.4 µm wide and their cytoplasm contained numerous, mostly oval, mitochondria, large cisterns of rough endoplasmic reticulum, and numerous small vesicles of smooth endoplasmic reticulum with circular, oval or irregular flattened cross sections. Small bodies with finely granular contents and glycogen inclusions were also seen here regularly (Plate II, Fig. 3) . The approximately 0.3 to 0.4 µm wide segment of cytoplasm immediately below the free surface of epithelium contained only sporadic small vesicles and was separated from the rest of cytoplasm by a layer of dense material formed by what is called terminal network formed by microfilaments and microtubuli (Fig. 2) .
The free surface of the sustentacular cells formed small prominences and gave origin to numerous 30-to-40-nm-thick and up to 1.6-µm-long microvilli (Fig. 2) . The sustentacular cells were connected with sensory cells by numerous and close links.
Basal cells
The pyramid-shaped basal cells were situated at the basal membrane at rather large distances from each other without contacting each other. Their nuclei with a slightly lobular shape were smaller than the nuclei of the sensory cells and contained a high amount of chromatin. The cytoplasm was rich in mitochondria and cisterns of rough endoplasmic reticulum (Plate II, Fig. 4 ).
Discussion
The ultrastructure of the olfactory epithelium of kittens aged 35 to 40 days was studied by transmission electron microscopy. As indicated by results of this study, the proportions, positions, and ultrastructure of the various cell types of the olfactory epithelium were similar to those described in other vertebrate species and their nuclei were arranged to form three zones.
The sustentacular cells were tall and slim and acquired clubbed shape towards the free epithelial surface. Their oval nuclei were seen in the extended segments of the cells at a distance of 7 to 9 µ from their apical surface. This observation is consistent with earlier findings of Graziadei (1973) and is described as a zone of oval nuclei of the sustentacular cells. Towards the basal membrane, the sustentacular cells narrowed acquiring conic shape and contacted the membrane by a thin stalk. The bodies of the sustentacular cells closely surrounded olfactory cells including their projections. The arrangement described above corresponds to the assumed insulating and supporting function (Breitpohl et al. 1974 ). The bodies of olfactory cells were located at the middle epithelial level and their nuclei formed the zone of light round nuclei. Basal cells were distributed at the basal membrane and contacted it by their extended bases. Their nuclei formed the discontinuous zone of dark round nuclei. Neither grouping of basal cells, as described by Morrison and Constanzo (1990) , nor the fourth cell type with microvilli, oval bodies and dendrite-like apical projections found by Agasandyan (1990) in the pig, Constanzo (1990, 1992) in the man, Morrison and Moran (1994) in the man, and Ota (1998) in the mouse were seen in our samples of the olfactory epithelium of the 5-to 6-week-old kitten.
Like other authors (Naguro and Iwashita 1992), we found a rich organelle contents in the perinuclear and, particularly, in the supranuclear cytoplasm of the sustentacular cells. This outfit consisted of numerous mitochondria, cisterns of rough endoplasmic reticulum, and plentiful cisterns of smooth endoplasmic reticulum. Moreover, the apical cytoplasm contained bodies with finely granulated contents identified as lysosomes, pigment granules, and lipofuscin-containing vesicles, as described in the mouse by Frisch (1967) , in the rabbit by Mulvaney (1971) , in cattle by Menco (1977) , and in humans by Naessen (1971) .
Apart from solitary vesicles of smooth endoplasmic reticulum, the 0.3-to-0.4-µm-thick layer of the apical cytoplasm immediately below the free surface was free of organelles. This layer was separated from the rest of the apical cytoplasm by a distinctive dense strip formed by accumulation of fine fibrillar structures, microfilaments, and microtubuli which has been designated by Naguro and Iwashita (1992) as the terminal network. The function of this network apparently consists in the support of the microvilli present on the free cell surface (Tich˘ et al. 1995) . Microvilli protruding from the free surface of the sustentacular cells formed a 1.25-to-1.5-µm-thick layer.
Long and slim dendritic projections of the olfactory cells extended from the perikaryon towards the surface and were surrounded by supranuclear segments of the sustentacular cells. The sensory and sustentacular cells were interconnected by numerous links. Zonulae occludentes were formed near the surface and deeper also desmosomes were seen. Solitary desmosomes were seen observed along the whole length of the dendritic projections. This observation is consistent with data of other authors (Rafols and Getschell 1983; Constanzo and Morrison 1989) who also described close intercellular links in the olfactory epithelium of various vertebrate species. Some authors regard the relation between the olfactory and the sustentacular cells as an analogy to the relation between neurons and glia in the CNS (Connors et al. 1984; Morrison and Constanzo 1990) .
Spherical or oval terminal dendritic endings protruded over the epithelial surface. The endings contained basal bodies of the olfactory cilia, fine tubules of smooth endoplasmic reticulum, mitochondria, and centrioles. The diameter of the olfactory cilia at the level of the proximal segments varied between 110 and 140 nm and their consisted of nine peripheral microtubular doublets and one central doublet. Moreover, smaller cross sections in which the tubular apparatus was reduced to a single microtubular doublet were observed. This structure is typical of the distal segments of the olfactory cilia (Menco 1977; Menco et al. 1978) . The olfactory cilia contacted the long, here and there branched microvilli of the sustentacular cells forming a dense tangle on the free surface. Some authors consider the contacts among the microvilli and cilia important for the final modulation of perception of olfactory stimuli (Menco et al. 1978) ; Usukara and Yamada 1978).
Ultrastruktura ãichového epitelu kotûte
V TEM byla studována struktura ãichového epitelu kotûte ve stáfií 35 -40 dnÛ post partum. Vzorky byly odebrány z ethmoidálního labyrintu.V této fázi v˘voje byla oblast regio olfactoria pokryta typick˘m vícefiad˘m ãichov˘m epitelem, v nûmÏ byly zastoupeny 3 typy bunûk: ãichové buÀky, buÀky podpÛrné a buÀky bazální. V˘‰ka epitelu se pohybovala v rozmezí 16 -18 µm. Voln˘ povrch epitelu se vyznaãoval znaãn˘m stupnûm diferenciace. Nad úroveÀ povrchu prominovala jednak zakonãení dendritick˘ch v˘bûÏkÛ smyslov˘ch bunûk o prÛmûrné velikosti 0,8 -1,0 µ, s ãetn˘mi atypick˘mi ciliemi, jednak mikroklky bunûk podpÛrn˘ch. Mikroklky byly dlouhé 1,0 -1,5 µm. Supranukleární úseky podpÛrn˘ch i smyslov˘ch bunûk obsahovaly mnoÏství drsného i hladkého endoplazmatického retikula (ER) a poãetné protáhlé mitochondrie. Dlouhé dendritické v˘bûÏky smyslov˘ch bunûk byly tûsnû obklopeny cytoplazmou apikálních ãástí bunûk podpÛrn˘ch a jejich vzájemnk ontakt byl realizován tûsn˘mi mezibunûãn˘mi spoji. Na základû zji‰tûn˘ch poznatkÛ o struktufie ãichového epitelu usuzujeme, Ïe ve sledovaném období v˘voje je tento epitel jiÏ plnû funkãní. 
